Twenty-six nurses were repeatedly screened for carriage of epidemic methicillin-resistant Staphylococcus aureus (EMRSA) immediately before and after duty periods in which they solely attended six patients widely colonized with two EMRSA strains distinguishable by plasmid analysis. EMRSA carriage was detected in 13 nurses. Three EMRSA carriage patterns emerged: transient carriage in 12 nurses, when the EMRSA was isolated from noses or fingers of nurses after duty but was gone before their next day's duty; short-term nasal carriage, seen on occasion in 4 of these 12 nurses, when EMRSA carriage was detected on two consecutive screens; and persistent nasal carriage, seen in 1 nurse only, when the EMRSA was seen on more than two consecutive occasions. Ail but one of these incidents of carriage could be explained by close patient, rather than environmental, exposure and occurred despite an intensive control programme. Transient or short-term carriage in nurses probably resulted in transfer of the EMRSA between patients. Staff decontamination should be considered following a period of cohort nursing of EMRSA patients, especially if staff members are shortly to nurse unaffected patients. Our findings may explain some of the difficulties in controlling EMRSA.
In recent years nosocomial outbreaks of methicillin-and multiple-antibiotic-resistant Staphvlococciis aureus (MRSA) have become a major infection control problem. Although MRSA strains have not been shown to be more virulent than other strains of S. auraes, (12, 18) , very high mortality rates for patients with MRSA infections have been reported from several centers (2, 16) . Our inability to treat these infections at an early stage with first-choice antibiotics and the limited choice and delay in appropriate systemic chemotherapy pose serious therapeutic problems. Many hospitals in the United Kingdom, including two in our own Health Authority, have experienced a number of outbreaks of patient colonization and infection with epidemic MRSA (EMRSA) which resemble Australian strains (6, 22) . EMRSA strains may spread readily, and some hospitals have found them particularly difficult to contain (3) . Others have commented on the paucity of information on MRSA carriage or on the relative importance of the environment and staff in MRSA spread (4) . We reported the phenomenon of transient MRSA carriage (5) Twenty-six nurses and two domestic staff members worked solely on this ward during the 7-week study period. There were also two physiotherapists, who had administrative duties but no patient contact elsewhere, and two doctors allocated, although not solely designated, to patients in the isolation ward.
Three of the patients (D, R, and V) were involved in one outbreak with a chloramphenicol-susceptible EMRSA, and three (C, H, and M) were involved in an outbreak with a chloramphenicol-resistant EMRSA (see Table 1 ). All were elderly-care patients, except for patient C. who was transferred from an acute-care ward.
Decontamination regimen. All patients were decontaminated each day with a total-body wash with triclosan (Aquasept; Hough Hoseason) and two triclosan applications to the face, nose, axilla, and groin, and chlorhexidine dressings (Bactigras; Smith and Nephew) were applied to all infected lesions. Staff members were decontaminated with four nasal applications of neomycin and chlorhexidine (Naseptin; ICI) and a total-body wash with chlorhexidine gluconate (Hibiscrub; ICI) only when they left the ward for the final time.
Screening. Patients were screened for MRSA at least weekly with peptone water-moistened swabs from nose, throat, perineum, catheter sites, and any abnormal skin or wounds. Nurses took their own peptone water-moistened nasal swabs before and after each 8-to 10-h duty period for the 7 weeks, and 240 finger swabs were taken in the last 3 weeks of the study. The physiotherapists were screened immediately before and after each of 12 physiotherapy sessions involving all patients. The domestic and medical staff members were screened at the beginning and end of the study, and the latter were also screened after examining patients on two occasions. At least once weekly, nose, throat, and perineal swabs were taken from each nurse and examined for methicillin-susceptible S. auireus (MSSA).
Swabs were usually transported and processed on the same day. All media were made with Columbia agar base (CM331; Oxoid Ltd.). Swabs for MRSA screening were first inoculated directly on mannitol salt agar (CM85; Oxoid) containing 5 mg of methicillin per liter (MSM) and then placed in salt broth (no. 2 CM67, with 7.5% added sodium chloride; Oxoid), which was subcultured on MSM after 24 h. These subcultures were incubated at 37°C, the plates were examined after 24 and 48 h, and mannitol-fermenting colonies were tested for coagulase. Swabs for the screening of MSSA were inoculated directly on blood agar with a 10-pg methicillin disk (BAM) and then placed in salt broth, which was subcultured after 24 (6) . Plasmid analysis was performed as previously described (7) (Fig. 1, CR-) (20) and that certain MRSA strains (EMRSA) are among these (6) . There is little information on the carriage and transmission of MRSA, and in a recent review of the subject Casewell and Hill (4) 12 -month period (9); 42%c of the students were 'occasional' carriers in that the organism was detected in less than 10% of their screens. These isolates were of a phage type different from that previously found, and these workers postulated that these students' noses were not true S. auraes hosts but acted rather like filters of the inspired air.
The further elucidation by this study of the phenomenon of transient or short-term EMRSA carriage has a number of implications. These forms of carriage probably caused the two instances of EMRSA transfer from one patient to another in that the patients had no contact with each other, the persistent carrier (nurse 13) had no contact with these patients. the environmental contamination did not extend outside the rooms of these patients, and no fomites could be implicated. We are also convinced that they have contributed to the failure of standard isolation techniques to control EMRSA spread. These observations justify the use of designated staff when the consequences of EMRSA transmission may be especially serious, such as in an intensivetherapy unit (5) or a burn unit (16) .
Transient MRSA carriage in agency staff members might also result in interhospital spread, as these staff members often work in more than one hospital in a 24-h period. A central agency coordinates the employment of all our agency nurses and ensures that we do not employ staff members who have worked on EMRSA patients elsewhere unless they have been screened and decontaminated. A similar approach is adopted with our own staff nurses who have had close contact with EMRSA patients.
AIl three types of carriage should be considered in MRSA clearance studies with antibiotics or disinfectants. Such studies rarely state whether screens were performed on staff members immediately after they had performed procedures on patients. Thus. transient carriers may have been mislabeled as persistent carriers, leading to erroneous conclusions as to the efficacy of specific decontamination regimens. We have not previously found chlorhexidine, povidone iodine, or hexachlorophene used alone to be effective in eradicating the EMRSA from wounds. The relationship between staff EMRSA acquisition and wound dressings emphasizes the importance of rapid elimination from wounds. We agree with others (24) that thrice-daily triclosan total-body washes or baths are poorly accepted by patients. Furthermore, triclosan did not eradicate the EMRSA from our patients' wounds, although only minimal wound exposure would have occurred during a bath, since dressings were not removed.
Although it was clear that the performance of closecontact (grade 3) procedures was the most important difference between nurses 1 to 12 and those who did not carry the EMRSA, we could not be certain that other additional factors did not exist. Others have pointed out the possible roles of human leukocyte antigen type (13) and bacterial interference (19) in the carriage of S. aureus. Only weekly screens were performed for carriage of MSSA, so we cannot be certain of the dynamics of bacterial interaction, but it is interesting that ail the carriers of MSSA were also carriers of the EMRSA. Bacterial interference might have discouraged the establishment of prolonged EMRSA colonization, but is unlikely to be the sole explanation in that half of nurses 1 to 12 did not carry such S. aureus strains. The association between antibiotic administration and MRSA acquisition in patients has been alluded to previously (8) ; it might also have been a factor in staff acquisition, as in nurse 13.
There is still much dispute over the significance of environmental contamination in the nosocomial spread of S.
VOL. 2 '7 1989 on October 28, 2017 by guest http://jcm.asm.org/ Downloaded from azjreus (1, 14, 15) . Areas immediately around the beds of our EMRSA patients usually harbored the organism. In contrast, the more outlying areas were clear, despite the use of these areas for mobilization and rehabilitation. People commonly blame the environment as the source of EMRSA spread, but we demonstrated that walking into a contaminated environment alone did not lead to EMRSA acquisition. In situations similar to ours, we are confidently able to predict that staff members are unlikely to acquire EMRSA unless a closecontact (grade 3) procedure is performed. We have therefore concentrated our efforts on those procedures most likely to cause EMRSA transmission by the designation of nursing staff and have minimized the control measures imposed on the other staff.
It seems probable that many of our observations are common to all outbreaks of staphylococcal infection. However, one must take care when extrapolating the results of this study to different circumstances. Other hospitals may have a more heavily contaminated environment. Conversely, in an open ward, even with minimal environmental contamination, staff members may be at risk via the airborne route when passing close to an area where a close-contact (grade 3) procedure is being performed. Further studies of similar detail and intensity of screening, but with different environmental and staffing conditions, are required. Undoubtedly, the use of plasmid analysis and an activity grading system would facilitate such studies.
